Abstract Daldinin A, B, C with a new skeleton, together with four known compounds, were induced and isolated from cultures of the ascomycete Daldinia concentrica. Their structures were elucidated by spectroscopic analysis, and that of daldinin A was confirmed by single-crystal Xray diffraction.
Introduction
Natural products are an attractive source of varied structures that exhibit potent biological activities, and desirable pharmacological profiles. Historically, natural products have been the source of many new drugs. Their importance is well documented in the recent literatures [1ϳ3] . The search for bioactive compounds is one of the central subjects of industrial and academic natural products chemistry. With new emerging targets for drug discovery, continued demand for new diverse natural products serve as a vehicle for probing biological activity.
Variation of cultivation parameters to induce the production of formerly unknown compounds is the most simple approach to increase the number of secondary metabolites from one single organism for fungi or bacteria. This way of releasing nature's chemical diversity was termed the 'OSMAC (One Strain-Many Compounds)' approach [4, 5] . It is based on the observation that individual strains are able to produce more metabolites than normally detected in a routine screening program and very small changes in the cultivation parameters (for example, culture vessel, media composition, addition of enzyme inhibitors) can completely shift the metabolic profile of various microorganisms. It is a very simple but even more random approach to the improvement of fermentations to obtain maximum production titers of desired compounds. This approach was successfully used as a valuable tool to exploit natural products diversity in the past, for example, actinomycetes (Streptomyces sp.) and fungi (Aspergillus sp., Sphaeropsidales sp.) produce additional compounds after variation of the culture conditions [6ϳ8].
As shown in former investigations, an anti-HIV-1 agent concentricolide (4) and other six new compounds were isolated from the fruiting bodies of Daldinia concentrica [9ϳ13] . Concentricolide showed an activity to inhibit HIV-1 induced cytopathic effects. The EC 50 value was 0.31 m g/ml. The therapeutic index (TI) was 247. Concentricolide exhibited the blockage (EC 50 0.83 mg/ml) on syncytium formation between HIV-1 infected cells and normal cells. Daldinia concentrica (strain S 0318) produces concentricolide and a pair of novel hept-6-ene-2,4,5-triols when cultivated in reagent bottles (color: brown; size: 500 ml; volume of medium: 300 ml) with cultivation medium (PD): potato (peel off) 200 g, glucose 20 g, KH 2 PO 4 3.0 g, MgSO 4 1.5 g, citric acid 0.1 g and thiamin hydrochloride 10 mg in 1.0 liter of de-ionized water. Applying the OSMAC approach, we intended to examine whether the production of new metabolites could be induced in this strain.
Following the OSMAC approach, our strain S 0318 has been cultivated with Erlenmeyer flask instead of reagent bottles. The surprises were obtained. In the culture broth extract from Erlenmeyer flasks (color: white; size: 500 ml; media: 300 ml) we detected, by thin layer chromatography and HPLC, rich additional metabolites besides concentricolide. Careful investigation on the culture of D. concentrica strain (S 03180) led to the isolation of new compounds daldinins AϳC (1ϳ3) and known compounds: concentricolide (4) [9] , isoochracein (5) [14] , 4-hydroxyisoochracein (6) [15] and 2-(hydroxymethyl)-3-(1Ј-hydroxypropyl) phenol (7) [16] by the alteration of culture parameter (form of culture vessel). The fermentation, isolation and structure elucidation of theses compounds are reported here.
Materials and Methods

General
NMR experiments were performed on a Bruker AM-400 or a DRX-500 spectrometer with TMS as internal standard. Mass spectra were recorded on a VG Auto Spec-3000 or an API QSTAR Pulsar 1 spectrometer. IR spectra were recorded on a Bruker Tensor 27 spectrometer with KBr pellets. Optical rotations were measured on a Horiba SEPA-300 polarimeter. Column chromatography was performed on silica gel (200ϳ300 mesh; Qingdao Marine Chemical Ltd., Qingdao, People's Republic of China) and Sephadex LH-20 (Amersham Biosciences, Sweden). TLC analysis was carried out on silica gel GF254 precoated plates (0.20ϳ0.25 mm; Qingdao) with detection by heating silica gel plates sprayed with 10% H 2 SO 4 in EtOH.
Fungal Material
Strain (S 0318) was isolated from tissue culture of the fruiting bodies of Daldinia concentrica collected at Laojunshan, Yunnan Province, P. R. China, in July 2003 and identified by Prof. Mu Zang, Kunming Institute of Botany, Chinese Academy of Sciences. A voucher specimen (HKAS 40992) was deposited at the herbarium of Kunming Institute of Botany, Chinese Academy of Sciences.
Cultivation
Strain S 0318 was grown on agar slopes at 22°C until sporulation, and then stored at 4°C. The culture medium consisted of potato (peel off) 200 g, glucose 20 g, KH 2 PO 4 3.0 g, MgSO 4 1.5 g, citric acid 0.1 g and thiamin hydrochloride 10 mg in 1.0 liter of de-ionized water. The fungus was grown in Erlenmeyer flasks (color: white; size: 500 ml; media: 300 ml). The pH was adjusted to 6.5 before autoclaving. Fermentation was carried out on a rotary shaker at 22°C and 150 rpm for 10 days.
Extraction and Isolation
The mycelium from 60 liters was filtered, and the filtrate was extracted five times with EtOAc (total 80 liters). The EtOAc extract was evaporated in vacuo and the deep brown gum (80 g) was subjected to column chromatography (silica gel) using a CHCl 3 /MeOH gradient elution. Elution with CHCl 3 /MeOH (98 : 2, v/v) produced 4 (20 mg), and 5 (17 mg). The fraction (20 g) from CHCl 3 /MeOH (95 : 5) was further purified by twice chromatography over silica gel (petroleum ether/Me 2 CO, from 20 : 1 to 10 : 1; CHCl 3 /MeOH, from 30 : 1 to 10 : 1), and repeated Sephadex LH-20 (CHCl 3 /MeOH, 1 : 1) to afford the pure compounds 2 (63 mg), and 6 (46 mg). The fraction (24 g) eluted with CHCl 3 /MeOH (90 : 10) at the first chromatography was also further purified by repeated chromatography over silica gel (CHCl 3 /MeOH, from 20 : 1 to 5 : 1) to yield compounds 1 (7 mg), 3 (60 mg), and 7 (87 mg). 
Physico-chemical Properties
Results and Discussion
Daldinin A (1) was obtained as colorless prisms. Its molecular formula was found to be C 15 Combining with the information of HMBC, the basic skeleton of 1 was established. The structure of 1 was assigned by X-ray crystallographic analysis, which also offered information on the relative stereochemistry of 1 (Fig. 1) . Thus, the structure of 1 was determined.
Daldinin B (2) -atom (d 71.3) . The 1 H-1 H COSY data allowed establishment of three H-atoms systems, one at C-2 through C-3, other two at C-4 through C-5 and C-6 through C-10, by showing correlations between H-2 and H-3; H-4 and H-5; H-6 and H-9, H-9 and H-10. Combining with the information of HMBC, the basic skeleton of 2 was established, which is similar to 1. The structure of 1 was assigned by X-ray crystallographic analysis, which also offered information on the relative stereochemistry of 2.
Daldinin C (3) was obtained as oily solid. The HR-EI-MS together with the NMR data were used to determine the molecular formula of 3 to be C 15 H 22 O 4 , possessing four more hydrogen atoms than 2. Also, the 1 H-and suggested the lack of a lactone ring in 3, a feature found in 2. Therefore, the structure of 3 was suggested.
The anti-HIV activity of daldinins AϳC was tested with reported method [9] , the results were negative.
